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Description 

Thd invention related to ihe homogenizaiion of a liquid and a gas. 

The Irwention has parlteulaf appRcailon to th© treatment oi iiuid iiows which are nujfti-phase, in that they compose 

s both QBB and Bquid componenls, but wNch are by no meane unHbmVy better mixed or homogenized. A mixture of 
and oO extracted from an onehore or a eubeea wei. tor exaniple. can vary substantially as regards Its gae and liquid 
coinponenls. D may oonpriee slugs of substanfla/iy unmixed liquyd separated by prtnanly gaseous porliDns« as wefl as 
portions t^at are more or less homogeneous. This inconsistency of the naiur^ of the extracted material malces il difflcuh 
to handle, in particular by pumping equipment which could more readily deal with a mora homogeneous mixture. 

10 The Invention te consequentiy concerned wMh convenierrtly achieving muHi-phasa ttuid flows wWeh are effecUvely 
homogenized and accordingly provides a metol of and an apparatue for cbtahing a homogenized mutfi-phase fluid 
f\w in a simple and convenient way. It is known from U3-A4 267 052 to aerate a circulating liquid In a vessel having a 
bottom mixing rolor at the end of a ratalable hollow shaft having openings to the liquid, and to air above the liquid. The 
shaft includes a venturi nozzle downstream of Ihe liciuid opening and a gas tube wherein Gqiid and gas are mixed by 

IS the venhjri nozzia in the shaft. 

The invention provides an apparatus according to dafm 6 and a method according to daim 1 . 
The Iiqifld flow in the discharge duct can be induced by gravity, the cutlet to the discharge dud being then oonven- 
iently located in the floor of Ihe vessel or tank. The liquid flow can instead be p\jnp induced or aided and the venturi 
can then be located dtrectty upstream of a pump unit 

£0 The gas can be drawn from the gas body through an aperture in the roof of the vessel which corrvnunicBtes with 
the p'png tiy a transverse extension thereof outside Qie vessel or by way ol a chamber mounted on iis root Allemativ^ 
such a 3i4}ply chamber can be separated from the main voKjme of the vessel by a suitably apertured htemaf partition. 

Preferably, Ihe apparatus incorporates means tandtng to ensure that the vessel or container always contains some 
of both Ihe lk|uid and the gas components. The invention can accordingly provide that the piping commurucatirtg wfth 

26 the decharge duel extends thruugh the pool Of liqud in the tank and provided with apertures or perforatione Spaced 
apart along iL Both bquid and gas Ihus flow together in the piping. The anKXirt or proportion of the gas Con^ponent 
which is drawn off from above tha iquld thus decreases as a function of an Increase of the liquid level, as more of the 
perforations are submerged. Integral regulation Is thus conveniently obtained. 

The Invention wid tims be understood lo providB a simpla and affedivB homogenizing method and apparatus, which 

30 can operate under gravity In approprtate condHIons, without tha need tar a power input, and which can incorporate auto- 
matfcony operatmg regulator means. 

The invention is further described betew. by way of e>eanf^plet iMth relereroe to the accompanying drawings, in 
which: 

35 Rgure 1 is a schematic sacfional view of a mixng or homogenising unit or apparatus embodying the invention; and 
Rguie S graphically Illustrates the relationship between the Irqukf level in the apparatus ot Rgure 1 and the voM 
fTBctron drawn oFI< 

The apparatus of Rgure 1 comprises a vessel or contaJner 1 0 of generally ipright cylindrical tonm of which the inte- 
nt? rfor is dosed, except for (he f lukl inlets and the oudots to be descrbed At the upper region of the cyGndrtcal side 
11 of the container, there Is provided an inlet port 12 communioating by a pipe 14 with a source [tkA stxnm) of a mul- 
tiphase fluid. A liquid ouUet port 15 Is provided centrally Jn the floor 16 of the container 10 and communicates with an 
ouflet or discharge ppa fitfing 17 havir^g an internal constriction 19 which forms a venturi. A gas outlet port 20 in the 
roof 21 of the container comminicates wilh an upper chanter 22 moulted on fte roof- Also communicating wiSi the 
4S Chamber 22 Is a generally vertical p|»e 24 exiefKJing downvwdly from a central aperture 25 in the roof. The pipe 24 
extends downwardly through the container interior into the discharge fitting 17, the lower opan end 26 of the pipe being 
located concertricaHy within the fitting just above the corstriclion 19 tarmng lha venturi. 

The upper portior of the container 10 thus comrrtjniGales w'rth the pipe 24 by way of tha chamber 22 and for a rea- 
son explained below, this upper container portion also communicates with the pipe 24 through a series of peribrHtions 
50 27 through the pipe wall The perferalions 27 extend along substantiany the ervlire length of the pipe 24 within the con- 
tainer, 

Tha liquid oomponanl of a mufti-phase fyd Now entering the container by way of the rlel port 12 tende to separate 
under gravity from the gaseous component and forms a pool 29 in the lower part of the container. A body of the gaseous 
componeru occupies the upper part of the container, above the free surtaoe of the liquid pool, 
ss The liquid conrponent is withdrawn from the pool 29 In ffie container through the discharge port 15 under gravily, 
with or wr^Dutthe assislancB of a downstream puitq) 31 connecled for example at the lower end of the discharge pipe 
17. as schematically shown, and the effect of the venturi is to draw the gas Irom the lipper part of Ihe tank interior 
through lha pipe 24 in adirnxture with the liquid phase, so thai a homogenized or substantially homogenized fluid is 
obtained in the discharge pfpo 17. H the multi-phase fluid flow entering the oontdner interior Is already homogenous or 
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apprwamately so. then ihs mhdure will be discharged Itirough the pipe 1 7 by way of bdh tKe outlet port 1 5 and the open 

TTie void fraction a of die fluid discharged fiomtha ttmlainer 10 depends on the dimensions of the ventuii and can 
be made independent of the total flow rate 0\ the iquid level h in the container, and Ihe absolute pressure. 
s Aesuming that both some liq[Uld and eome 9as are present in the oontainen the total pressure drop for the ^s and 
for the iquid phases flouvSng throurfi It will be ecjual, and the void fmdion from the container can be obiainad firom the 
resutUng ectuaSon as followe: 



where: 




Ar- 


the croes-sectiona) area of the ccntaber, 


Al- 


the GRTSs-sectional area of the liquid in the ventuTt. 




the cross-sedionat area of the gas bi the vonturi. 


4l- 


the total Ttqukj loss coefTicient 




the total gas lose coefficient. 




the Rciuid density, 


PQ- 


the gas density, and 


g- 


gravity. 



25 During steady fkm ocndttions, the average void traction drawn from the container wil equal the average void frac- 
tion entering H- To enara that both liquid and gas are always present in the txiniainer, it Is convenient to decrease the 
gas fraction drawn off as the Iquid level IncrBases, and vice versa, and this is actieved by Ihe perforationB 27 in Ihe pipe 
24. The perforated pipe 24 tUifi acts as an integral regiiator allowing A variation in Ihe vdd Itaction. 

The relative between the r<|uid leyrel in the corrtalner and the voxJ frstition dt^m from rt (the nixing unit character- 
90 istic) is iiluslrated in Figure 2. Any desired mixing unit characterSsWo can be oblatned by appropriate choics of dimen- 
sions Of the venturi and the perfbralions 27 in the ppe portion 24. 

It will be readily appredatod that iha invention can be embodied In a variety ot ways other than as fipedficafly 
described and illustrated, wllhin the scope of Ihe cTaims. 

35 Clalrns 

1 . A melhod Cf homogeniiing a (Iquid pt^ase and a gas phase of a (lowing non-unrform multiphafie flukJ, ihe melhcxl 
corrpiising the Steps of: 

40 a) separating the two phases of the flowing fluid into adjacent gas and liqud bodies within a closed vessel (1 1] 

by gravity with the gas phase above the liquid phase; 

b) musing the two phases to f kw through a ventort con^ction (1 $) in a duct (1 7) tor n^TxIng and homogenizing 
the phases of the flowing fXsd and to ttow ftway f^om the vessel by way of an qpentng (15) in a wa(t ofthe ves* 
set, which opening forms an inlet end for the duct flT). and by way of a pfping (24) hawng an inlet end wlhln 
45 the vessel irterior spaced from the opefiirtg (15) and immersed in cm phase of the ffuid and an outlet end 

wfthin the duct at or upstream of the venturi con^riction (19), whereby the flow of liquid through the venturi corv 
slridion creates suction by which the gas is drawn into the liquid flow. 

2. A method as claimed in cfaim l , wherein the two phases of the fluid flow through the venturi consulctlon at rales 
60 tending to maintah both phaaea of the flow present within the vessel (1 1). 

3. A method as claimed m claim Z wherein the two phases of the fluid flew from the vessel in reSativa amounts 
dependent on the level of the liquid phase. 

55 4, A method as claimed in cSaim 1 , 2. or 3, wherein the How of the liquid phase and the gas phase through the venturi 
constriction is effected by the action of gravity. 



3 



PAGE31/36'RCVDAT4/4i20054:09:5SPM[EasternDaylightTi^^^ 



04/04/2005 14:18 FAI 6123499266 PATTERSON THUEhfTE SKAAR i!032/036 



EP037931dBl 



5, A method as dalmed In daim 4. wharein the Ikw of the liquid phase and the gas phase through the vonluri con- 
etridion is assisted by a suction punp (34) communicating with the duct (17) downstream <A the venturl constric- 
ttoo. 



5 e. An ajvaratus for carrying out the process of claim loonpri^^ 

mult4}hase flow and tbr containing the gas and lie|uld bodies which have been separated uidBr Gravity, a duct (1 7) 
having a venluri consfriction (19) therein f6r ml)dng and homogenizing the two phases and a piring (24) having an 
inlet end (25) and an outlet end the piping ouUet end (2g being within the duct at or i^wtream of the venluri 
consliicfion. wherein the vessel (1 1) has a common hlei (12,14) for the two phases, the duct (17) having an inlet 

10 conwunicaling with the Inlerior of the vessel at an opening (15) a ws" of ^® vessel, and Ihe ln(et end ol the pip- 
ing (24) corwmjnicales vnth the vessel interior at a positron spaced from the opening (15). 

r An apparatus as daimed in daim 6. wherein the piping (24) extends from the outlet end thereof through the open- 
ing (1 5) and into iha vessel (11). 

8. An apparatus as dafmed in daim 7, wherein Ihe piping (24) extends Ihrough the vessel (1 1) and communicates 
with the vess^ interior hy way of a charrber (22) located acgacent the vessel (11) and with wfhteh the piping oom- 
municaleSi the chanter being in commurdcailon with the vessd. 

» a An apparatus as daimed in daim 7 or B wherein the piping (24) has a plurality of apertures (27) spaced apart along 
its lengBi within the vessel (1 'S). 

10. An apparatus as daimed in daim B. 7. 8, or 9, wheran the opening (15) is located in the lower region of the vessel 
(11). 

ss 

11. An aF^jaratus as daimed in ar^ one of daims 6 to 10 Wherein the outlet end of the tfischaroe duct (17) commuii- 
catas with the inlel of a suction purrfs (31). 



PateiftansprOche 

30 

1. Nfertahren m Homoger^sienjng elner flfls^en Phase und einer Gasphase eines file6enden. urgldchfOrmigen 
mehrphasigen Fluids, wobei das Verlahren die talgenden Schritte umfa3t: 

a) Trennan der beiden Phasen des tIteBenden Fluids In ncbeneinanderliegende Gasr und FlOsslgkeitsvolumen 
36 bnerhalb eines geschlossenen Behailere (11) durch Schwerkraft. wobei die Gasphase Ober der flQssigen 

Phase liegt; 

b) telten dar beiden Phasen durth elr« Venturiverengung (19) in einem Kanal (17) zum Mfschen und Homo- 
genisleren der Phasen des tlieBenden Fluids und ausdem Behalterdurch eina Oflhung (15) In einer Wand des 
Behflfters, wobei die Offnung cin Einlafiende tOr den Kanal (17) bikJet, und durch eine RoW^tung (24) nit 

40 einem BnlaBende im Inneren des Behaiters. das von der Offnung (15) beabsiandei und in eine Phase des 

Fluids eingalaudtt ist urd einem AusteSende in dem Kanal an Oder ot>orhalb der Venlurtveren^mg (19), so 
da9 durch den Glrom dar RQssiflkeil durch die Venturiverengung ein Saugdrudc erzeugt wird. durch den das 
Gas in den ROssigkeltsalrom gesogen wiid. 

M 2. Verlahren nach Anspruch 1 . vrobei die beiden Phasen des Fluids durch die Venturiverengmg mit Geschwlncfigkei- 
len siramen. die dazu lendaren, bade StrQmuPgsPhaan in dem Kessel (1 1) ru erhalten. 

3. Verfahren nadi Ansprudi 2, wobei die beiden Phasen des Fluids in relativen Mengai ie nach dem Stand der flos- 
sigen Phase von dem Beh&llerliieDen. 

so 

4. Verfatwen nach Anspruch i . 2 Oder 3, wobei der Strom der HOasigen Phase und dor Qasphase durch die Ventu- 
river^ung rfiirrh rian Hnfluft von Sfthwerkraff bewtrl^t wind. 

5. Verlahren nach AnspniCh 4, wobei der Strom der flOssioen Phase und der Gasphase durch tfe Vsnhjriverengung 
ss durch eine Saugpumpe (34) untarstulzl wird, die urrterhalb der Ventuirverengung mit dam Kansj (1 7) In Verttndung 

steht 

6. Vonlchtung zur DurchfQhnjng des Verfahrens von Ansfyuch 1. unfttessend einen geschlossenen Behaiter (1 1) zum 
Empfangen das unglelchfOrmtgen Mehrphasenslromes und zur Aufnahmeder Gas* urxJ ROsagkeitsvoIumer^ die 
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unter SchwBriffafl grtrennl vamjen. ^en Kanal (17) mit einer Vertturivwengung (19) darin aim Mischgn und 
Homogenlsieren der beiden Phasen und eine Rohrleitung {S4) rrfl einem EIrfaBende (25) und elnem Aietaaende 
(26) wobBi sich das AuBlaflende (26) dar Rohrleilung in ddiii Kanal an Oder obertiato der Ventwfw wgung beTm- 
det, wobel der Beiiafler (n) einen gemeinsaman EnlaB (12, 14) tOrdie beWen Phassn aufweist wobei der Kanal 
s (17) einen Einlaft aufweJsi, der rntl dem Inneren des BehflHem an einer Offnung (1 5) m einer Wsnd des BehSllsre 
k\ Vert)Wung steW, und das EhlaOenda der Rohrleftung (24) mh dem Inneren des Behflttere an einer von der Off- 
nung (15) beabetandeten Position in Verb'mdung slehL 

7. Vbrrlchtur^ nach AnspaiCh 6, wobei die RoMerturig (24) von ihrem einen Auslaflende duroh die CWnung (15) ukJ 
10 in den BeMlter (11) verlfluft 

8. Vbrrichtung nach Anfipruch 7. wobef die Rohrieituns (24) duTCh den Behaiter (ll) verlfluft und Ober eine Kammer 
(22). (is sich neben dem BehaRar (1 1) befindd und mil der die Rohrleilung in VerWndung slahl. mil dem Inneren 
des Behatlars in Vertaindung eteht. wobel die Kammer mit dam Behaftcr In VertiinAjng steht 

9. VonicmungnacnAn6prucb7oder5.wabeidiaRohrleilwg(?4)ti^^ 

die 0b€r ihre Lflnga mnerhalb des BehdHers (11) voneinander beabstandet eind. 

1 0L \torricmung nach Anspojc^i 8. 7. fl Oder 9. wobei sich die Offnung (15) im urteren BereiCh des Behahere (i i) brfin- 
30 daL 

11, Vbrrichiung nach einem d& Anspriiche 6 bis 10. wobei das AuglaBende dee AblauJkanals (i7) rrtt dem BnlaO 
einBT Saugpumpe (31) in Vertainciing sleht. 



25 Revendicatlons 

1 . Procfidfi rfhomog6n^lBalIon d'una phase nquide et d^una phase gazeuse tfun lluide multiphase non un forme cou- 
lanl, le proc6d5 oomprananl les 6tepes de: 

3D a) separation des deux phases du f luWe coulanl en des corps gazeux et riquide adiacenis k rint^rieurdwi r^- 

pienl lerm^ (1 1) par ^avild avec la phase gazeuse par dessus la phase Hquide; 

b) ^coulement torcfi das deux phases d irayers une oonstricaon varhiri (19) dans una condulte (17) pour 
maanger el homogfinfiiser lee phases du flulde coulanl et ficoiiemenl hofs ckj r6cipTenl par ine ouverture (15) 
dans une paroi du rfecsptenl. la^iueUe ouverture forme une exir6mil6 d*emf6e du oonduH (17), et par una tubu- 
15 lure (24) ayant ine exlrfemitfe d'efitrfee ^ nnl^rieuf du f^opient espacee de rouvarlure (15) et immergfee dans 

una phase du f luide et una axlr&nrt^ de sortie 4 Hnl&ieiir du conduil ou en amont da la oonslrlction vanturi 
(1 9). si bien que r^coulement du fqukJe h travers la constricUon venturi cree une asplralion par laquelie le gaz 
est attfr^ dans r^caulemant du ftquide. 

40 2. Proc6d6 se*on la revendScation 1. dans lequal las deux phases du llUWe s*6ooi4ent a travers la constriction venturi 
& des d^Hslendam k neinlaTir in iw^sence dR s dar^ phasee du fluida k HmSrieur du r^^ievA (11). 

3. Prrcfid^ selon la revendlcation 2, dans lequel les deux phases du fluWe s'ecouleni hors du r6dpient en des quan- 
tit4s relatives d^pendam du rweau de la phase Ifqukle. 

45 

4. Prw^dd salon la revendicalion 1,2 ou 3, dans lequel rSooulement de la phase liquide et de la phase gazeuse d 
travers ia conefaictian venturi est effechj6 oar raction de gravity. 

5. ProcW6 selon la ra^encficaiion 4. dans lequel f 6ooulemenl de la phase Oquide el de la phase gazeuse h travers la 
so con^ction venturi est assisld par une pompe aspcrante (34) commurBquanl avec le conduit (17) en aval da la 

con^rictlon de venturi. 

6. Appareil pour ef lecluer le procWfe de la ravendicalton 1 , camprenant un r^dpienl ferm6 (1 1) pour reoevoir I'teou- 
lement multiphase non unifbmie el poir contenir les corps gazeux et Kquide qui ont 61A s^6s par gravilA, un 

55 conduil (1 7) componant une conslriclion venturi (i 9) pour m^Ianger et homog&i^ieer les deux phases et une tubu- 
lure (24) ayant une e)rtr6mH$ tfenirfie (2S) el une extr6milfi de sortie (26). I'exlrfemit^ de sort" a da tilxAjre (26) 
^tant ft Hnlfirieiir du conduH au niveau ou en amont de la conslriclion venturi, dans lequel le recipient (11) a une 
entree commune (1 2, 1 4) pour las deux phases. I e conduH (1 7) ayanl une entree communiquant aveo ilm^rieur du 
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rdcipleni ^ nfveau ctune ouverture (1 5) dan$ une parol du r6cv}'»enL 9t fextrdinit^ tfentr^e de la lutxiur e (24) oom- 
munlque llnt^&ur du r6C(pl6nt k une positian espac^e de IV}w«rtii« (15). 

7. Appard eefon la revendcation B, dans lequel la tubuluf e (24) s'ftend depute rextr^miW dd sorUe de cote^ & Ira- 
5 ver6rouverkurB(15)etdan6ler^pient(11). 

a. Apparel salon la revencficatlon 7, dans lequel la tubulure (24) s^^end k travers le recipient (11) b1 communique 
avdc Rnifirleur du rtdplenl par une cihambre (22) silufia aflacente au rSdpient (1 1) bI bvbc JaqueOo la tubulure 
communique, la ctiarrisre €tant en communication evec le recipient. 

ro 

ft. Appareil seton la revendication 7 ou B. dans lequel la lubulure (24) a une plurality d'ouverlurea (27) espacfies sur 
63 longueur A lintdKeur du r^cpient (1 1). 

10. Appa/efl &elon la revendlcaOon 6. 7. 8 ou 9, dans lequel I'ouvcrture (15) est sftu6e dans la partie Indfeneure du r6ci- 
15 pffint(ll). 

11. AppareO selon rune queloonque des revendicalionB 6 ^ 10. dans lequel I'extf6mft6 de sorlae du oonduil de 
ddcharge (1 7) communque avec i'enir^e d'une pompe asplrante (31), 

so 
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